Desiccation resistance in embryos of the killifish, Fundulus heteroclitus: single embryo measurements.
Northern killifish, Fundulus heteroclitus macrolepidotus, spawn in estuaries at high tides. Embryos may be stranded in air at stream margins as the water recedes. These aerially incubated embryos are exposed to desiccation stress and may survive and develop normally to hatching at ∼14 days post-fertilization (dpf). We developed a technique to quantitatively measure the kinetics of water loss at various developmental stages from single embryos in controlled relative humidities (RHs). Embryos were able to tolerate short periods (2 hr) of severe desiccation and survive to hatching. Mid-stage (7 dpf) embryos showed the highest degree of desiccation tolerance compared to early-stage (2 dpf) and late-stage (14 dpf) embryos. We classified the patterns of water loss into four phases, the perivitelline space (PVS) phase, the resistance phase, the desiccation phase, and the equilibration phase. In the PVS phase, water loss was rapid at all developmental stages and all RHs (∼25% of total embryo weight). The water loss rate was slower during the resistance phase. It decreased as RH increased and length of this phase was longer in mid-stage than in early- and late-stage embryos. The water loss rate and length of the desiccation phase also depended on RH. These data support the hypothesis that low permeability embryonic compartment surface membranes retard water loss significantly and promote prolonged survival of these embryos during desiccation. We also show this mechanism cannot completely account for the survival of severely desiccated embryos (especially in 23% RH) and that there must also be complementary cellular responses.